(EIS) was established in 1951 at the Centers for Disease Control and Prevention (CDC), Atlanta, Georgia, as a combined training and service program in the practice of applied epidemiology. Since then, nearly 2,500 professionals have served in this 2-year program of the US Public Health Service. The experience of an EIS Officer has been modified because of the increased need for more sophisticated analytical methods and the use of microcomputers, as well as CDC's expanded mission into chronic diseases, environmental health, occupational health, and injury control. Officers who have entered the EIS in the past 20 years are more likely than their predecessors to stay in public health either at the federal level or in state and local health departments. The EIS Program continues to be a critical source for health professionals trained to respond to the demand for epidemiologic services both domestically and internationally. Initially known as the Communicable Disease Center, the Centers for Disease Control and Prevention (CDC), Atlanta, Georgia, was created after World War II from the wartime organization that had been established to control malaria in military installations throughout the southeastern United States (1). In 1951, the Epidemic Intelligence Service (EIS) Program was formed at CDC as a combined training and service program in the public health practice of epidemiology. EIS is based on a concept originated by Joseph W. Mountin, Assistant Surgeon General and founder of CDC, and subsequently implemented by Alexander D. Langmuir (2).
Initially known as the Communicable Disease Center, the Centers for Disease Control and Prevention (CDC), Atlanta, Georgia, was created after World War II from the wartime organization that had been established to control malaria in military installations throughout the southeastern United States (1) . In 1951, the Epidemic Intelligence Service (EIS) Program was formed at CDC as a combined training and service program in the public health practice of epidemiology. EIS is based on a concept originated by Joseph W. Mountin, Assistant Surgeon General and founder of CDC, and subsequently implemented by Alexander D. Langmuir (2) .
In July 1951, 22 physicians and one sanitary engineer reported for duty in Atlanta as the first class of EIS Officers (3) . Since then, nearly 2,500 professionals have served in the EIS, ranging from 11 in the class of 1953 to 80 in 1992. During its 50 years, the EIS Program has undergone dramatic changes in response to the increased breadth of the CDC mission and the expansion of epidemiologic methods. In this article, we review the changes that have occurred in the EIS Program and demonstrate the key role that EIS has played in CDC's evolving public health mission.
PROGRAM PHILOSOPHY AND METHODOLOGY
The EIS Program is a hands-on, 2-year experience for health professionals interested in careers in epidemiology and public health. The program is based on a philosophy of "learning while doing"; EIS Officers provide service while learning epidemiology on the job (4) . The emphasis of the training of EIS Officers is on development of epidemiologic judgment-the reasoning process that indicates when they have sufficient data on which to make public health decisions. During the 1950s and 1960s, many physicians became aware of the EIS Program as an alternative means to fulfill their Selective Service obligation. Because of this awareness and little exposure to public health during their training, physicians entered the program having limited familiarity with epidemiology and public health. Still, the most important method of recruitment for EIS has long been word of mouth from EIS alumni and others familiar with the program. Other methods include a program described on the CDC Website (http:// www.cdc.gov/epo/dapht/eis/index.htm), display booths at major public health and clinical meetings, and targeted recruiting in selected settings. In addition, CDC sponsors a 6-8-week epidemiology elective rotation for medical and veterinary students, many of whom subsequently apply to EIS after completing their clinical training (5) .
EIS Officers are chosen from among 250-300 applicants each year. Selected Officers are matched with assignments on the basis of their interests and skills as well as agency needs. The majority of Officers are assigned to specific positions at CDC headquarters in Atlanta or one of its field stations located around the country. In most years, a majority of the incoming EIS Officers have been matched with their first or second choice of assignments (e.g., 87 percent in 1999 and 79 percent in 2000). About one fourth of each class is assigned to state or local health departments under the supervision of experienced local epidemiologists to help build epidemiologic capacity in those states, provide convenient access to CDC resources for health department staff, and gain valuable field experience. During 2000-2001, 37 EIS Officers were assigned to state and local health departments in 25 states and to the Indian Health Service in New Mexico. Each EIS assignment is reviewed regularly to ensure the best possible experience for the Officers.
THE EIS CURRICULUM
For each cohort of EIS Officers, training begins with a 3-week course that features up to 10 interactive case studies, didactic sessions in applied epidemiology and biostatistics, and a field exercise. Most of these cases are based on epidemiologic investigations conducted by EIS Officers (6); some are available to the public health community for teaching purposes at the following CDC Website: http://www.cdc. gov/epo/dapht/eis/case.htm. In 2000, the field exercise included observational surveys of the implementation of restaurant smoking restriction laws in two Georgia counties. The success of the EIS course has been reflected by its adaptation for state and local health department professionals enrolled in the 2-week Epidemiology in Action course as well as in the development of the 4-week International Course in Applied Epidemiology. Both courses are conducted by the Emory University Rollins School of Public Health (Atlanta) in collaboration with CDC. In addition, the US Department of Agriculture, the Quebec Center for Epidemiologic Investigations (Canada), the Merieux Foundation (Lyon, France), the National School of Public Health in France, and more than 20 applied epidemiology training programs internationally have sponsored similar courses with the assistance of CDC.
The 3-week course is only the beginning of an EIS Officer's training in applied epidemiology. The practical, inservice training in epidemiology is primarily a function of the 2-year assignment, where the EIS Officers learn the basic skills of epidemiology under the supervision of an experienced mentor. The Officers conduct epidemiologic investigations and research either in a specific program area, such as chronic or infectious diseases if assigned to CDC, or during state or local health department assignments, which usually provide the broadest spectrum of experience in the public health practice of epidemiology.
In the fall of the first year, all EIS Officers participate in a 1-week course focusing on public health surveillance methods and more advanced epidemiologic techniques. As part of the course, each Officer evaluates an existing public health surveillance system by using a published evaluation framework (7) . Not infrequently, the Officer's evaluation subsequently is used to improve that surveillance system. In 1994, the EIS Program introduced scientific writing and prevention effectiveness methods (economic tools for public health) to the EIS curriculum as a 1-week course for secondyear Officers (8, 9) . In December of that first year, each Officer is expected to submit an abstract of a completed study for presentation at the annual EIS Conference held at CDC in April. In 2000, over 1,300 persons attended this conference, which included 120 oral and poster presentations. Throughout the year, the Officers present the results of their investigations at a weekly seminar series.
In the early spring, EIS Officers meet with CDC staff to review their experience. From these meetings of groups of 8-10 Officers, the staff is able to modify the experience to improve the educational opportunity as well as the service the Officer provides.
During the 2 years of training, each Officer is expected to fulfill a minimum set of specific Core Activities for Learning (table 1), including conduct of field investigations, analysis of large databases, practice of public health surveillance, scientific writing, effective oral communication, and responsiveness to the public. These core activities are used as a guide for developing the requisite skills of a practicing epidemiologist.
Since 1980, the content of the training of EIS Officers has evolved. There has been an increasing emphasis on public health surveillance, noninfectious diseases, and more advanced analytical methods, such as logistic regression analysis in case-control studies, application of time-seriesanalysis methods to surveillance data, and use of geographic information systems. Since the 1980s, EIS Officers have been trained to use computers in their daily work; laptop computers are now routinely carried on all field investigations. In more recent years, the Internet has become an integral part of the EIS experience, not only for rapid communication and distance-based training but also to transmit and analyze essential public health data. EPI INFO, a computer software package, was developed by CDC for use by EIS Officers and other epidemiologists for questionnaire development, word processing, data entry, statistical analysis, development of tables and figures, and manuscript preparation (10) . EIS Officers also use EPI INFO to disseminate surveillance data between state and local health departments and CDC, and as a tool for analysis of surveillance data.
EPIDEMIOLOGIC FIELD INVESTIGATIONS AND SERVICE CONTRIBUTIONS
Since the EIS Program began, EIS Officers have participated in landmark epidemiologic investigations (table 2) . At the request of state health departments, other countries, or international organizations, headquarters-based EIS Officers have taken part in more than 4,000 epidemiologic investigations or Epi-Aids of national and international importance since 1951 (11) . Officers assigned to state and local health departments conduct an additional 400 investigations each year.
Forty-three years after an EIS investigation of vaccineassociated polio cases helped to rescue the first national polio vaccine program (12) , EIS Officers played a critical role in identifying another vaccine-related epidemic (13) . On August 31, 1998, the first rotavirus vaccine was licensed in the United States for use in infants. Rotavirus, the most common cause of infectious diarrhea in small children in this country, causes 20-40 deaths and more than 50,000 hospitalizations annually. After receiving reports of intussusception among infants who had been vaccinated, CDC recommended suspending use of the vaccine on July 16, 1999, and immediately launched a nationwide study to examine the association between rotavirus vaccine and intussusception. EIS Officers assigned to state health departments were mobilized in 12 states that had received large quantities of the vaccine, and Officers from Atlanta were sent to three other states. These EIS Officers obtained crucial information by interviewing parents and physicians of affected infants, and they reviewed medical and vaccination records. For comparison, they gathered similar information on a group of healthy infants, matched by age and hospital. The investi- On the basis of this investigation, the Advisory Committee on Immunization Practices withdrew its recommendation for use of the vaccine on October 22, 1999, and the manufacturer removed the product from the market. The results of the investigation changed national vaccine policy and protected infants from a potentially fatal complication of a new vaccine. Having a cadre of EIS Officers ready to respond immediately and to focus intensely on this problem made CDC's timely response possible.
PROFILE OF THE EIS OFFICER
The profile of the EIS Officer has changed in the past two decades. Before 1980, 430 of the 461 EIS Officers (93 percent) were physicians, and 416 (90 percent) were male (14) . Only one epidemiologist with a nonmedical doctoral degree had served in EIS before 1980, and the first non-US citizen entered the class in 1975. Through 2000, 221 nonmedical doctoral-level scientists had entered EIS, 122 (55 percent) with an advanced degree in epidemiology and others with degrees in demography, anthropology, behavioral and social sciences, statistics, and other health areas 
IMPACT OF EIS ON PUBLIC HEALTH PRACTICE
The
The health agencies of the federal government, especially CDC, are the most frequent employers of EIS graduates (table 4) . Compared with EIS graduates from the 1960s, 1990s graduates were more likely to be employed by CDC (52 percent vs. 2 percent), a state or local health department (11 percent vs. 3 percent), or an international health agency (7 percent vs. 1 percent) (table 5). These more recent graduates were less likely than those from the 1950s and 1960s to be employed on a university faculty (9 percent vs. 24 percent) or to work in private practice or in business (5 percent vs. 42 percent).
When we examine cohorts of Officers over time (namely, the classes of 1955, 1965, 1975, 1985 , and 1995), we find other trends ( Another measure of the impact of EIS is the number of EIS alumni currently holding positions of leadership in public health. In 2000, 43 percent of state and territorial epidemiologists were EIS graduates (http://www.cste.org). The current CDC Director (and two previous Directors) and a Deputy Director are graduates of the program, as are the directors of 9 of the 11 major CDC organizational units and much of the CDC leadership throughout the organization. Currently, EIS alumni are serving as deans of 10 schools of public health; two EIS alumni have each served as dean of two schools of public health. Numerous other EIS alumni have been departmental chairs in both schools of public health and schools of medicine. Two alumni have served as Surgeon General of the United States.
Although difficult to quantify, the networking and camaraderie among EIS graduates continues to strengthen the overall public health infrastructure by facilitating information exchange among alumni located in key public health positions throughout the nation and world. Publication of an annual alumni directory and a quarterly alumni bulletin, as well as the annual EIS Conference each April, facilitates such networking.
The EIS Program has had a major effect on other public health training programs. The Public Health Prevention Service, CDC's new program to train masters-level professionals to design, implement, and evaluate public health interventions (http://www.cdc.gov/epo/dapht/phps.htm), was developed in part because of CDC's long experience in training EIS Officers.
The international impact of EIS has been dramatic. In the past 3 years, 61 percent of EIS Officers have participated in at least one international assignment ranging from an Ebola virus investigation in Uganda to post-hurricane health needs assessment in Central America, an inquiry into war-related deaths in Kosovo, and a childhood lead poisoning investigation in Bangladesh. Since 1999, in collaboration with the World Health Organization, 49 EIS Officers have completed 3-month assignments in Africa and south Asia as members of STOP (Stop Transmission of Polio) teams dedicated to the global eradication of polio. Short-term international assignments contribute to the professional growth of EIS Officers and lead to the development of a cadre of experienced health professionals able to respond to public health emergencies anywhere in the world. Today, 160 EIS graduates are working outside of the United States in 54 countries on six continents. Many EIS alumni are serving or have served in leadership roles for the World Health Organization, the Pan American Health Organization, the World Bank, and other international organizations and foundations.
An important aspect of international training has been the role of EIS graduates in replicating the EIS training model in more than 20 developed and developing countries around the world (17) . A network of these applied epidemiology training programs, known as TEPHINET, was created in 1997 to facilitate interchange among these programs (18) . Nearly 900 epidemiologists have graduated from these programs in the past two decades.
DISCUSSION
The first priority of the EIS Program is to train a highly motivated group of capable health professionals who are able to respond to future public health needs both domestically and internationally. From its initial group composed primarily of White male physicians focused on infectious diseases, the EIS Program has evolved to better reflect the growing diversity of health professionals and public health problems that are important in today's society. The increasing number of women and racial/ethnic minority professionals in EIS results from active efforts by CDC to increase diversity in the public health workforce. The increased range of professional backgrounds among EIS Officersveterinarians, doctoral-level epidemiologists, social and behavorial scientists, nurses, and dentists-reflects the agency's need to be able to respond to public health problems of social, behavioral, environmental, occupational, genetic, and infectious etiologies. EIS recently expanded admission eligibility to include physician assistants and pharmacists, as well as lawyers with prior public health training and an interest in epidemiology. The EIS Program has been very successful, but there have been many challenges over the years. First, because it is based in a federal agency, the program is required to follow government rules and guidelines. Compliance with the procedures of the civil service and the Commissioned Corps results in salary differentials among Officers, a problem that became more visible as increasing numbers of nonphysicians and non-US citizens entered the program. As a federal program, it also must have the resilience to adapt to the effects of political decisions made by both the executive and legislative branches of government. Second, the federal role versus that of the state causes tension that can affect the ability to conduct investigations or assign Officers to states. CDC's role is clearly stated in the Public Health Service Act to be one of assisting the states and territories; in other words, the authority to respond to public health problems resides first with the states. As a result, to carry out the EIS mission effectively, it is essential to maintain a collaborative relation with states. Third, because there are many more good assignments than Officers both at CDC and in the states, disappointment in not receiving an Officer can affect state/federal relations. Finally, the nature of epidemic investigation requires making decisions rapidly; therefore, EIS is open to criticism for not maintaining sufficiently rigorous standards of analysis. An extensive internal peer review is used to ensure quality, even before the standard peer review process is undertaken.
Although EIS has proven successful over many years, CDC continues to examine ways to improve the service and training aspects of the program. In a trend expected to continue, in recent years EIS Officers conducting field investigations have been joined by other CDC fellows whose special expertise in selected areas complements that of the Officers. For example, EIS Officers working on surveillance for possible bioterrorism events at the 2000 Democratic and Republican national conventions were joined by Public Health Informatics fellows who developed and maintained hospital surveillance databases. An EIS Officer investigating a syphilis outbreak in North Carolina was joined by a Public Health Prevention Service fellow who focused on developing the intervention program needed to help eliminate syphilis in that state (19) . In addition, a Colorado-based EIS Officer worked with an Atlanta-based Prevention Effectiveness fellow to examine the costs and benefits of a subtype-specific surveillance system to identify Escherichia coli O157:H7 outbreaks (20) .
In the past, CDC has delivered training to its field assignees in EIS and other programs by bringing them together for periodic short courses and by distributing materials such as audiotapes on selected topics. With the rapid expansion of Internet technology, CDC is examining increased use of distance learning methods to provide more training to CDC field assignees. For example, CDC and its partners have developed an Internet-based Public Health and Law course (http://www.cdc.gov/phtn/legal-basis/ mainmenu.htm) appropriate for general public health audiences and a CD-ROM-based course focusing on human subjects research and other ethical issues specifically for CDC employees. Any new training materials developed for field assignees that are appropriate for broader audiences will be shared with staff at state and local health departments to help build the overall public health infrastructure.
In the next decade, EIS Officers may expect to use new technologies that have become available recently. With electronic mail access becoming more ubiquitous, urgent surveys may be conducted electronically rather than by telephone. For example, an EIS Officer recently used electronic mail questionnaires to investigate a Norwalk-like viral gastroenteritis outbreak in Alaska (21) . Rapid electronic communication may also be expected to lead to more efficient case finding and reporting during both investigations and routine public health surveillance. In addition, handheld global positioning satellite system receivers may be used to improve the quality of mapping and cluster surveys in remote areas. In a 1999 study of incomplete vaccination among children in western Kenya, an EIS Officer used Geographic Information System mapping in conjunction with household surveys to calculate and map the probability of complete vaccination by household location (22) .
EIS Officers may also expect more investigations to involve multiple states and/or multiple countries as people and pathogens travel across state and national borders more freely than in the past. Such multijurisdictional investigations require substantial coordination among responsible health agencies. For example, in June 1999, the EIS Officer assigned to the Washington State health department investigated an outbreak of Salmonella serotype Muenchen infections among patrons of a Seattle restaurant chain. By July 9, the health department had identified 85 case-patients in Washington State. This investigation revealed that illness was associated with consumption of a commercially distributed, unpasteurized orange juice produced by a single distributor. Illnesses caused by S. Muenchen with an identical pulse field gel electrophoresis pattern were soon identified in other states. By the end of the investigation, 360 cases, including 40 hospitalizations and one death, had been identified among residents of 16 states and three Canadian provinces. Juice produced by the implicated company was squeezed in Mexico and transported by tanker truck to a production facility in Arizona, where it was combined with domestically produced orange juice without a final pasteurization step. An environmental investigation isolated the outbreak strain of S. Muenchen from unopened containers of juice in Seattle, from holding tanks at the Arizona facility, and from the trucks used to transport the juice from Mexico. This juice-related outbreak has been the largest reported to date (23) .
The impact of Alexander D. Langmuir on CDC and global public health was extraordinary (24) , but his greatest legacy was undoubtedly the EIS Program. It continues to evolve as we grapple with new health problems such as interpersonal violence and chronic disease. A large, closely knit group of alumni often work together to address new public health problems, including the emergence of new pathogens and infectious diseases as well as the practice of new areas of applied epidemiology. The EIS Officer is an applied epidemiologist who uses epidemiologic practice and research to improve public health. Because the EIS Program is rooted in public health practice and is based on a philosophy of "learning while doing," it maintains a spontaneity and relevance that are essential to addressing the public health challenges of the 21st century (25) .
